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Understandings: 

1. Explain the relationship between changes in frequency as we move to higher energy 

level with the ionization energy.  

- Scientists have measured the frequency when electrons move from n=2 to n=1, n=3 to n=1, 

n=4 to n=1 and so on. Very logically, the frequency increases since it takes more and more 

energy to go up into the higher energy state.  

The interesting thing is that since energy levels converge, frequencies converge as well. 

Eventually there will be no change in frequency and hence no change in energy level. This is 

when ionization takes place. Energy of an electron is high enough to leave the atom.  

Thus as Δf → 0, electron has ionized.  

Then when maximum frequency is known, we can also calculate the energy by multiplying 

Plank’s constant or find out the wavelength by c/f. And we have found out the ionization 

energy! 

Extra notes 

- This is a small derivation to see the relationship between wavelength and momentum of 1 

electron. 

E=hf 

E=mc2 

mc2=hf  

mc*c=h*
𝑐

𝜆
, but since mc= mass*velocity = momentum, 

p*c= h*
𝑐

𝜆
 

p=
ℎ

𝜆
 

Momentum is inversely proportional to wavelength! So if wavelength is short, we have high 

momentum, which makes sense since short wavelength, much energy.  
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2. Explain the trends in first ionization energies by using the energy levels and sub-levels.  

It might look complicated, but if you think of how each atom’s electron configuration, it is 

very simple.  

The first thing to see is that the ionization energy is decreasing as we move down the group. 

This is due to the distance between electron and proton becoming further and further away, 

hence easier to ionize.  

However, the trend along period from alkali metal to noble gas is interesting. We can clearly 

see that the lone electrons in either s or p orbitals are easier to remove than the previous 

ones!  
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3. State that successive data of ionization energy of an atom supports the explanation of 

electron configuration.  

- As we take away one electron by another, we see this trend of orbitals. Between 2s and 2p, 

there should be a little difference with the last to a bit higher up, since 2p is closer to the 

nucleus but it has still less energy than 2s.  

 

 

 

 

 

 

 

 

 

Applications and skills: 

1. Solve problems using E = h*f 

- Plank’s constant will be given. So, it’s basically plug-in-values-and-solve problem. 

2. Be able to calculate the first ionization energy (using the equation above) by looking at 

spectral data that gives wavelength or frequency.  

- We must also apply c=λ*f when only lambda is given.  

3. Deduce the group of an element by looking at its successive ionization data.  

- Yes. 

4. Explain the trends of first ionization energy across the period. It is similar to question 2 

(Understandings).  

- This was already explained above. 
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Extra notes 

- Here is a table that shows how we know that electrons exist in energy levels. 

Idea Evidence 

Electrons can exist in fixed levels. Hydrogen absorption spectrum shows that it 
is discrete and not continuous. 

Energy lines converge. Hydrogen absorption spectrum shows that it 
does indeed converge the higher the 
frequency/energy.  

Fixed number of electrons can be in each 
level. 

Successive ionization energy shows a clear 
trend of how many electrons there can be.  

There are sub orbitals, s, p and d, f etc.  Successive ionization energy shows 
irregularities that can be explained by sub 
orbitals and electron pairs.   

 

TOK: 

1. “What we observe is not nature itself, but nature exposed to our method of 

questioning.”—Werner Heisenberg. An electron can behave as a wave or a particle 

depending on the experimental conditions. Can sense perception give us objective 

knowledge about the world? 

2. The de Broglie equation shows that macroscopic particles have too short a wavelength 

for their wave properties to be observed. Is it meaningful to talk of properties which can 

never be observed from sense perception? 


